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NO Defensie en Veiligheid

MANAGEMENTUITTREKSEL ONGERUBRICEERD

The role of IMAT solutions for training

development at the Royal Netherlands

Airforce.

IMAT Follow-up Research Part I

Probleemstelling

De KLu heeft van 1998 tot 2001
deelgenomen aan het Europese IMAT
(Integrating Manuals And Training) project
(Esprit 29175). Daarna heeft de KLu aan
TNO opdracht gegeven voor IMAT
vervolgonderzoek. Het Europese IMAT
project heeft een geavanceerde set van
(prototype) tools opgeleverd om technische
handleidingen efficiént en effectief te
kunnen hergebruiken voor het ontwikkelen
van lesmateriaal.

Voor het IMAT vervolgonderzoek zijn de
volgende doelstellingen geformuleerd:

1.

Het verkrijgen van inzicht in de
bruikbaarheid van de IMAT tools voor
technische trainingsontwikkeling voor
andere/nieuwe KLu-domeinen;
Vaststellen van mogelijke manieren
waarop het IMAT concept een bijdrage
kan leveren aan opleiding en training
binnen de KLu;

Vaststellen hoe de IMAT metadata zich
verhouden tot de door de KLu
gehanteerde ADL-SCORM standaard en
daarop gebaseerde tools ter
ondersteuning van het ontwikkelen van
lesmateriaal;

Opbouwen en verspreiden van IMAT
kennis binnen de KLu en TNO.

Beschrijving van de werkzaamheden

Om doelstelling 1 te kunnen beantwoorden
is een IMAT tools analyse uitgevoerd met
als doel inzicht te verwerven in specifieke
uitdagingen voor de KLu in het geval
gekozen wordt voor het in gebruik nemen
van de tools. Om doelstelling 2 te kunnen
beantwoorden is een contextanalyse
uitgevoerd, gericht op Educatieve,
Technologische en Onderwijskundige (ETO)
factoren binnen de KLu. Op basis van deze
ETO factoren zijn proces- en
specificatiemodellen ontwikkeld voor het
implementeren van het IMAT concept en
tools. De verzamelde factoren en
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Mevr. Drs. LR.M.A. Jacobs
Mevr. Dr. D.M.L. Verstegen
Mevr. Drs. N.-H.E. Janssen

ontwikkelde modellen zijn gevalideerd
door middel van twee expert interviews.
Om meer inzicht te krijgen in de
toepasbaarheid van IMAT oplossingen voor
(technische) trainingsontwikkeling bij de
KLu zijn vervolgens diverse
gebruiksscenario’s ontwikkeld en
geévalueerd middels expert reviews. Ten
behoeve van doelstelling 3 heeft er een
vergelijking plaatsgevonden tussen de
IMAT en ADL-SCORM metadata en is een
mogelijke combinatie van IMAT en de op
ADL-SCORM gebaseerde tool ter
ondersteuning van het ontwikkelen van
lesmateriaal is onderzocht. Voor
doelstelling 4 zijn een aantal IMAT
presentaties/colloquia gehouden en is een
IMAT workshop uitgevoerd.

Ongerubriceerd

Bovenstaande werkzaamheden zijn
beschreven in twee rapporten (‘IMAT
follow-up research part I’ en ‘part II'). Dit
rapport beschrijft de tools- en de context
analyse. Rapport II beschrijft de scenario
ontwikkeling en de expert review. De
resultaten van de werkzaamheden leiden
tot gezamenlijke conclusies die zijn
opgenomen in beide rapporten.

Resultaten en conclusies

Op basis van de in dit project uitgevoerde
analyse kan worden geconcludeerd dat het
IMAT concept een waardevolle bijdrage kan
leveren aan opleiding en training binnen de

ONGERUBRICEERD
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IMAT Follow-up Research Part I

KLu. De huidige IMAT tools zijn echter,
ondanks de zeer vergevorderde status,
prototype tools die verder (her)ontwikkeld
moeten worden om als volledig
operationele tools te kunnen worden
ingezet. Of dit zinvol is voor de KLu, zal
afhangen van keuzes die de organisatie
maakt m.b.t. het ontwikkelen van
elektronisch lesmateriaal, aard en omvang
van het trainingsdomein, maar ook van
andere zaken die hierop van invloed zijn,
zoals,bijvoorbeeld ,de invoering van
elektronische technische manuals en de
Joint Aviation Regulations. Het onderzoek
heeft daarnaast geresulteerd in een set van
randvoorwaarden/eisen voor IMAT
oplossingen enerzijds en de KLu
organisatie anderzijds voor een succesvolle
IMAT implementatie. Ook is een
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stappenplan opgesteld om, desgewenst, de
IMAT tools verder te ontwikkelen.

Toepasbaarheid

Indien de IMAT tools niet verder worden
ontwikkeld, kan de KLu gebruik maken van
IMAT concepten en kennis bij andere
opleidingstrajecten waar elektronisch
lesmateriaal wordt (her)gebruikt.
Bovendien kunnen sommige IMAT tools,
zoals, bijvoorbeeld, de Instructional
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Abbreviations

ADL Advanced Distributed Learning

AIDAS Amsterdam Intelligent Document Analysis System
ATTP Avionics Technical Training Package

CBT Computer Based Training

CML Conceptual Modeling Language

DAS Document Analysis System (file)

EPAF European Air Forces

ETM Electronic Technical Manual

ETO Educational, Technical and Organisational (factors)
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HTML Hyper Text Mark up Language

IETM Interactive Electronic Technical Manual
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ITOD International Technical Order Digitisation
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JAA Joint Aviation Authorisation

JAR Joint Aviation Regulations
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JIT Just In Time

KLUIM Koninklijke Luchtmacht Implementatie Middenlaag
KMSL Koninklijke Militaire School Luchtmacht
LAN Local Area Network

LCMS Learning Content Management System

LE Luchtwaardigheidseisen/borging

LMS Learning Management System

LOM Learning Object Metadata

MTDS Mission Training (through) Distributed Simulation
MTTP Mechanical Technical Training Package
NATO North Atlantic Treaty Organisation

OCR Optical Character Recognition

PDF Portable Document Format

RNLAF Royal Netherlands Air Force

ROI Return On Investment

SCO Sharable Content Object

SCORM Sharable Content Object Reference Model
SBT Simulation Based Training

SME Subject Matter Expert

SVG Scalable Vector Graphics
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1. Introduction

This report is the first IMAT report describing the work and results of the IMAT
follow-up research conducted by TNO for the Royal Netherlands Air Force
(RNLAF) from 2002 until 2003.

The purpose of the IMAT follow-up research is:

e To gain insight in the usability of IMAT concepts and prototype tools for use
within the RNLAF;

e To determine how the IMAT approach can be exploited in the light of many
other relevant training issues in the technical training domain;

e To determine how the IMAT meta-data relate to the ADL-SCORM standard
and the SCO-Generator adopted by the RNLAF;

e To disperse IMAT knowledge further within the RNLAF and TNO;

This report (IMAT Follow-up Research Part I) describes the new domain
implementation that was conducted to gain further insight in the usability issues of
the latest version of the IMAT Pfinal tools. Next, the factors influencing the
usability of IMAT concepts and tools in the RNLAF are described and an overview
is given of factor and requirements models, which were developed to enhance
thinking on future (IMAT) training development solutions for technical training in
the RNLAF. Finally, the conclusions and recommendations for the future use of the
IMAT concept and tools within the RNALF are presented, based upon the work as
described in reports I and II of the IMAT follow-up research and the IMAT/ADL-
SCORM report (Veerman, et al., 2002).

The second IMAT report (IMAT Follow-up Research Part II; Janssen, et al., 2004)
elaborates further on possible future solutions that can be provided by IMAT
concepts and tools through the development and expert review of various
scenarios. This report also addresses the relations and implications between IMAT,
ADL-SCORM and the SCO-Generator, the RNLAF’s template-based authoring
tool for the development of electronic training material. Finally, the conclusions
and recommendations for the future use of the IMAT concept and tools within the
RNLAF are presented, based upon the work as described in reports I and II on the
IMAT follow-up research and the IMAT/ADL-SCORM report.

The structure of this report is as follows.

e Chapter 1 gives an introduction of the IMAT project, tools and IMAT follow-
up research.

e Chapter 2 describes the evaluation and validation of IMAT at GGW De Peel.

e Chapter 3 contains an IMAT tools analysis and description of the new domain
implementation.

e Chapter 4 gives an overview of factors influencing the use of the IMAT
concept and tools in the RNLAF



TNO report

8 TNO-DV1 2004 A169

e Chapter 5 presents the factor and requirement models that were developed and
validated based upon the factor study as described in chapter 4.

e Chapter 6 presents conclusions and recommendations on the possible use of
IMAT concepts and tools within the RNLAF organisation.

1.1 IMAT Project

IMAT is an acronym for Integrating Manuals and Training. The aim of the
European IMAT! research project (de Hoog et al., 2002), conducted from 1998
until 2001, was the development of a set of tools supporting the effective and
efficient re-use of the content of technical manuals for instructional purposes.

In many technical domains, the documentation of the equipment is the single and
main source to create training material for maintenance engineers. However,
technical manuals often are not directly useable as training material and need
(extensive) revising and re-editing by training developers. Furthermore,
maintenance training needs constant revising to keep the training accurate and up
to date with the many changes in the system, their components, and the technical
manuals.

In technical domains, training mostly consists of vocational training within
companies. Instructors often are training developers as well, and usually have more
(technical) domain expertise than didactic expertise. Experts in technical domains
are scarce within their companies which often have to rely upon them for difficult
maintenance tasks such as troubleshooting, training novices on the job, giving
instruction, training development and keeping training up to date. This means a
heavy burden on scarce expertise.

The goal of the IMAT project is to provide automated and structured support to

make it possible to search and edit fragments of technical manuals into

instructional material. The IMAT approach foresees the following steps:

e technical manuals are the input;

e the technical manuals are automatically fragmented;

e the fragments are indexed with suitable metadata;

e the indexed fragments are stored in a database;

e users are supported in searching the fragments they need and retrieving them
from the database.

I The IMAT project (ESPRIT 29715) was partly funded by the European Union.
Partners in the project were: Intelligent Systems Laboratory, University of
Amsterdam (NL), TNO Human Factors and TNO Physics and Electronics
Laboratory (NL), Loria (F), Renault (F), AFPA (F), ETRA (E), Tecnopolis
CSATA Novus Ortus (I), Royal Netherlands Airforce (NL), Eurisco (F).
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It is then possible to export the instructional material to an authoring environment,
for instance commercial off-the-shelf software such as Word, PowerPoint,
Authorware, and such like.

1.2 IMAT Tools

The following tools were developed in the IMAT project:

e The Document Analysis Tool (AIDAS), which analyses, fragments and
indexes technical manuals and other source material.

e The Authoring Environments Interface Tool, which allows retrieval of
fragments from the database and transferral of selected fragments to the
authoring environment. This tool also enables additional indexing and
annotation of the fragments.

e The Organisational Memory Tool, which facilitates additional (manual)
indexing and annotation of the fragments enabling organisational memory and
learning on the use of instructional material in an organisation.

e The Ontology Development Tool which can be used to create ontologies in a
structured way.

e The Instructional Scenarios Tool which supports the creation of frameworks
for specific lessons for maintenance tasks. Within IMAT a lesson framework is
made visible in a so-called Instructional Bag, a directory structure that reflects
the lesson framework. The framework reflected in the Instructional Bag can be
used as guidance for database queries and users can fill an Instructional Bag
with the fragments required for different parts of the lesson. The Instructional
Bag can then be exported to the Authoring Environments Interface Tool.
Alternatively, users can directly copy and paste fragments to an Authoring
Environment.

e The Database Facilities Tool enables IMAT users to manage the database
where fragments of the source material are stored. This tool facilitates version
management of fragments, necessary due to fragment updates and various
lifestages of a fragment, e.g. the transformation of a fragment to an
instructional fragment.

e IMAT Database: A Jasmine® database is used as central database in IMAT for
the storage of fragments. This is an object-oriented relational database.
Jasmine® was, amongst other factors, chosen for its ability to handle
multimedia formats.

At the core of the IMAT tools lies a set of ontologies that were developed to
describe fragments, both domain-specific and generic, and also from an
instructional viewpoint. An ontology can be described as a structured list of
concepts, keywords and format descriptions. Such ontology can be described, e.g.
in a conceptual modelling language (CML) and be used by software tools to
identify and describe fragments, such as audio or text, make distinctions between
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different types of fragments such as titles and sections, and “recognise” specific
content.

The next figure gives an overview of the general workflow in the IMAT tools.

Storage ‘
Fragmentation D I

@
‘—é—a [ Amnotate |

Indexation Create Organisational Memory ]

Dnteen D

Figure 1.1:  Overview of IMAT Workflow

The transparent boxes depict the processes in the IMAT workflow. The red arrows
indicate the possible direction of this workflow in a training material development
process with IMAT tools, from the delivery of source material to the export of
fragments to an external-authoring environment. The orange boxes represent the
IMAT tools, and the orange circles represent the fragmentation, description,
domain and instructional ontologies. The blue boxes represent the source material
in various life stages and forms, e.g. technical manuals, (interactive) electronic
technical manuals and fragments.

Although it is possible to use the whole set of IMAT tools, it certainly is not
necessary. One can for instance only use the fragmentation and search options
provided with the AIDAS tool or only the Scenario Wizard of the Instructional
Scenarios Tool as guidance to create maintenance lessons. A more detailed
description of the IMAT tools will be given in chapter 3: Tools Analysis.
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1.3 IMAT Follow-up Research

In the Netherlands TNOZ and the Royal Netherlands Air Force (RNLAF)
continued the IMAT research in IMAT follow-up research. The main goal of the
IMAT follow-up project is to get insight in the usability of IMAT concepts and
tools for technical training development within the RNLAF. A second goal is to
determine how the IMAT approach can be exploited in the light of many other
relevant training issues in the RNLAF’s technical training domain. The RNLAF,
for instance, decided to follow the ADL. SCORM guidelines for the standardisation
of e-learning content. Therefore, it is crucial to know whether or not the IMAT
tools are (or can be) SCORM compliant. See for more information on this part of
the research: Veerman, et al., (2002) and Janssen, et al., (2004). Furthermore,
simulation-based training methods are used in the technical training domain. Here
also technical manuals constitute the basis of the training material. The content of
technical manuals changes and is updated regularly. This means that for
simulation-based training it is essential to track these changes and update the
training material in an easy way. Nowadays, it is almost impossible for the RNLAF
to keep the training material of the simulations up to date with changes in the
technical documentation. The IMAT tools could assist in this process. Another
interesting phenomenon in the RNLAF is the implementation of Interactive
Electronic Technical Manuals (IETMs) for aircraft maintenance.

Training and Education in the RNLAF

Within the RNLAF training and education play a crucial role in achieving and
maintaining a high state of military operations. Technical training in the RNLAF
often involves the transfer of crucial and critical knowledge and skills, for instance
for air traffic control, aircraft maintenance and (tactical) fighter control. The use of
advanced high-tech training solutions such as simulation is far more common than
in the civil world. Another important characteristic of technical training is that the
training material has to be updated frequently due to changes in the operational
equipment and technical manuals. For reasons of personal and system safety it is
essential to work with up to date source material, both in maintenance and
technical training.

In the current situation for the training of maintenance engineers the RNLAF is
confronted with the situation sketched in section 1.1: training material often is
developed by the instructors themselves with the technical manuals as most
important input. Instructors are domain experts with some experience in teaching,
but not much background in instructional design and development of training
material. In practice, developing training material takes up a lot of instructor time
especially since there is a frequent update process, e.g. when personnel changes or
the technical manuals are updated.

2 TNO Defence, Security and Safety; Location The Hague and Soesterberg
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Follow-up Research

During the European IMAT project, one of the RNLAF’s airbases, GGW De Peel,
co-operated in the project as a user-partner. Considering the close involvement of
this user-partner in the tool development process (the tools were specified
according to their needs), it would have been interesting to focus the follow-up
research project on the integration of the tools at the GWW De Peel airbase.
However, due to reorganisations GGW De Peel could not continue to use the
IMAT tools and be part of the follow-up research project. In chapter 2 we briefly
describe these developments and summarise the main conclusions of the last
evaluation at GGW De Peel.

To address the issues that remained open for the RNLAF, the IMAT follow-up

project was set up with the next research questions in mind:

a) How usable are the IMAT tools for new domains?

b) What are the possibilities for using IMAT knowledge and tools elsewhere
within the RNLAF? Which other training issues are relevant in this context?

¢) How do the IMAT meta-data relate to the ADL SCORM standard that the
RNLAF has decided to adopt?

d) How do the IMAT knowledge and tools relate to the SCO-generator for the
RNLAF?

The first report, IMAT Follow-up Research Part I, addresses question A and B. The
second report, IMAT Follow-up Research Part II, elaborates on question B and
answers question C and question D.

To answer question A, we started with a summary of the most important lessons
learned on the usability of the IMAT tools at GGW De Peel in the European IMAT
Project (See: Chapter 2). Also, we tried to implement a new domain in the IMAT
tools (See: Chapter 3). To answer question B, we investigated educational,
technology and organisational factors influencing the possible use of IMAT
concepts and tools in the RNLAF (See: Chapter 4) and developed factor and
requirement models to study the way these factors interact and influence the use of
IMAT in the RNLAF (See: Chapter 5). The models were validated and elaborated
by expert reviews and interviewing key (RNLAF and TNO) experts. The
conclusions and recommendations for the future use of the IMAT concept and tools
within the RNLAF are presented based upon the work as described in reports I and
IT on the IMAT follow-up research in Chapter 6.



TNO report

TNO-DV1 2004 A169

2. Evaluation and Validation of IMAT at GGW de Peel

Section 2.1 describes organisational developments at GGW De Peel. In section 2.2
we summarise the most important results of the evaluations executed within the
European IMAT project at GGW De Peel.

2.1 Organisational developments at GGW De Peel in 2002

GGW De Peel has been directly involved in the European IMAT Project
(Integrating Manuals and Training, Esprit Project number 29175) in the role of
user. This has meant that instructors from GGW De Peel have collaborated in the
definition of user needs for the methods and tools to be developed, as well as in the
evaluation of three IMAT prototypes.

2.1.1 HAWK issues

In the first part of the European IMAT project the domain that was used was the
training of maintenance engineers for the Flycatcher (prototypes 0 and 1). Since the
RNLAF decided not to continue the Flycatcher maintenance training, the HAWK
domain was used in the second half of the project (prototype 2).

For the IMAT follow-up project the following activities were originally foreseen at

GGW De Peel in 2002:

¢ introduce new HAWK material into the prototype tools when it becomes
electronically available (during the European project only three manuals were
available electronically);

e develop lesson material for the HAWK course using the prototype tools
(including the instructional scenarios tool);

e further evaluation and validation of the IMAT concepts and tools for GGW De
Peel specifically, and for the RNLAF in general.

In December 2001 the final versions of the IMAT prototype tools, with
improvements implemented after prototype version 2, have been installed at GGW
De Peel. There were still some technical problems with the HAWK electronic
material. In the first few months of 2002 TNO and GGW De Peel collaborated with
the University of Amsterdam (responsible for the implementation of the AIDAS
tools) to solve these problems. The expectation was that the other HAWK manuals
would soon become electronically available, but that did not happen. We could,
therefore, not introduce new HAWK material in the IMAT prototype tools.

Around the same time it became clear that there would be no maintenance engineer
courses for the HAWK in 2002. For the instructors at GGW De Peel the
development of lesson material for the HAWK course was, therefore, no longer a
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priority. By September 2002, it became apparent that the RNLAF would not
continue training for new maintenance engineers for the HAWK as the system
would not be used much longer. In the future, the RNLAF plans to purchase the
PATRIOT as new air defence system. The training of maintenance engineers for
the PATRIOT will probably be outsourced.

212 Conclusions

The source material for the HAWK was problematic because of the low quality of
the material (not originally electronic, but scanned in) and the layout of the
documents was inconsistent. Since the RNLAF has decided to stop training HAWK
maintenance engineers, it does not seem sensible to dedicate more time and effort
to this domain. Further evaluation and validation of the IMAT concepts and tools
was not possible at GGW De Peel, because no lesson material for the HAWK had
been made. We therefore decided to try to implement a (realistic but not too big)
domain ourselves in order to get a better view on how usable the IMAT tools
would be for new domains (see chapter 3).

2.2 Main results of the evaluations within the IMAT project

In this section we summarise the most important results of the evaluations executed
within the European IMAT project. For a more elaborate report see: Verstegen,
Veldhuis, Staalstra, and Hendriks, (2001) and Verstegen et al. (2001).

2.2.1 Evaluation of the IMAT concepts and tools: general conclusions

The evaluation of the IMAT concepts and prototype tools was an important part of

the European IMAT project. Evaluations took place at the three user sites involved

in the project:

e in the Netherlands at the RNLAF, GGW De Peel. Domain: training of
Flycatcher/Hawk maintenance personnel;

e in France at AFPA. Domain: lower vocational training for mechanics for the
Renault CLIO); and

e in Spain at ETRA. Domain: training for maintenance and repair of traffic
control systems.

Three domains were implemented in the IMAT tools and the tools were used to
create lesson material. Further evaluation data consists of answers to questionnaires
and semi-structured interviews (Verstegen et al., 2001).

At the end of the project IMAT users saw many potential benefits of using the

IMAT concepts and tools:

e it reduced the time spent on making lesson material and therefore the costs; and
it supported,
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the standardisation of lesson material;

the reuse of source and lesson material;

knowledge sharing between instructors (and other staff); and
knowledge management.

The most important remaining problems concerned the analysis and indexing of
source material. Most of these problems seemed to be of technical nature.

The next most pressing problem was the updating problem: at this moment the
database has to be refilled when there is an update of the technical manuals. This
means that all instructor changes (revisions in fragments, additional fragments,
additional indexes, annotations etc.) are lost and therefore severely hamper the use
of the facilities to revise and add fragments, add annotations and add/change
indexes.

The user evaluation confirmed the choice made earlier in the IMAT project to keep
the different tools independent and separate so that users could choose which tool
they wanted to use and when. All tools are connected through the database.

222 More specific results from RNLAF users

The RNLAF users are positive about the Instructional Scenarios Tool. They could
follow the lines of reasoning in scenario construction without problems. The
resulting list of Instructional Activities is similar to the standard lesson structure as
they were taught during their instructor training (only they use different definitions,
i.e. introduction; presentation; feedback). Making a lesson structure (i.e. an
Instructional Bag) without the Instructional Scenarios Tool was considered to be
less easy.

The RNLAF users found inserting fragments into an existing Instructional Bag an
easy way to make a lesson, but it would have been easier if drag and drop-functions
were available. We discovered that it was not possible to insert cut-out parts of
pictures into the bag. Exporting bags appeared easy: the tool constructs a structure
in which pictures, texts, video, etc. can be saved. Cutting and pasting fragments
directly from the Authoring tool to PowerPoint also worked without problems.
According to the instructors using Instructional Bags was more useful than
constructing lesson materials directly with copy and paste to the authoring tool.
When using the tool in practice, they would expect to make training material using
Instructional Bags in most cases.

Regarding the annotation facilities, RNLAF users remarked that the number of
choices was rather large. Most of the choices apply to (parts of) lessons and not to
individual fragments, for example: misunderstandings and recovery strategies that
can only be filled in during training.

3 nis possible to cut out parts and copy them directly to an authoring environment,

or to save the picture to a file and use other software to work on it.
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The instructors were very positive about the possibility to save annotations with
(parts of) Instructional Bags. They did not expect to use annotations with
individual fragments. A main problem that occurs when the database is updated is
that the annotations with fragments could get lost. It is not clear whether
Instructional Bags plus the related annotations might also get lost. Ideally, there
should be a way of keeping track where fragments are used, so users are warned
when a fragment is updated.

223 Conclusions

Using the Instructional Scenarios Tool and the annotation facilities has several

advantages:

e Lesson material will be more consistent & lesson material can be reused;

e Multiple instructors can easily use the same lesson material, instead of making
their own lesson material on overhead sheets as was done before. As a result,
instruction differed strongly between instructors, and there was little (or no)
awareness of what learning goals were being addressed. Using the same
scenario and material will ensure consistent lessons. Using the annotation
facilities will make it possible to share and store experiences and comments.

e Saving the selected fragments in the structure of the Instructional Bag will
make it easier to co-operate with other instructors during the creation of lesson
material.

e Using Instructional Bags will be especially useful when the lesson material is
implemented by other people (e.g. in Authorware by Multimedia developers)
or when implementation is outsourced.

e Using Instructional Bags will make it easier to revise training material after
updates, especially when instructors use an authoring tool where fragments are
imported from file on the fly. In this case out-of-date fragments could be
simply replaced in the Instructional Bag and repeat creation of the lesson
material would not be necessary.

The RNLAF users did not find the facilities to add/change indexes of fragments,
easy to use. They also expected that it would be used less frequently when the
amount of material in the database was very large. They agreed that it is necessary
to be able at least to change indexes that are obviously wrong. But in this case, the
updating problem should be solved as well: it would not be sensible to improve the
indexes of fragments in the database, if these changes all get lost when the database
has to be refilled after a manual update. The same problems occur when fragments
are revised or new fragments are added to the database. Use of the instructional
indexes was not foreseen at GGW De Peel.
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3 IMAT Analysis

Section 3.1 starts with a description of the IMAT tools for a better understanding of
the various tools and the workflow in the IMAT process. In section 3.2, the results
of the tools analysis, based upon the work for a new domain implementation, are
presented.

3.1 Overview of IMAT Tools

In this section a more detailed description of the IMAT tools is given. The
following tools are described: the document analysis tool (AIDAS), the authoring
environment interface tool, the instructional scenarios tool, the organisational
memory tool, the database facilities tool and some tools which are integrated
within one of these tools, such as fragment retrieval tools and the ontology
development support tool.

3.1.1 AIDAS

AIDAS is an acronym for the Amsterdam Intelligent Document Analysis System
and is used in IMAT as name for the (automatic) documentation analysis tool. Its
main purpose is to break up the content of technical manuals into smaller text and
image fragments. These are then provided with an index, which describe fragments
from various viewpoints, and are necessary for proper fragment identification.
Finally the AIDAS tool enables the export of fragments to the Jasmine® database,
which is used in IMAT as central database.

3.1.1.1  Ontologies

In IMATS, the proposed solution on problems with information retrieval and
indexing is based upon ontology indexing. IMAT uses different ontologies,
representing various point of views to create fragments. These ontologies play a
key role in the IMAT solution. By defining the ontologies, IMAT tools are able to
fragment, retrieve and describe content. The ontologies were developed with a
close look at the work done in similar projects on ADL SCORM, LOM and
Ariadne (www.adl.org) for the standardisation of metadata for electronic content.

In IMAT a distinction is made between generic and domain-specific ontologies.
The following ontologies were developed in the IMAT project (Anjewierden &
Kabel, 2001):

e Fragment ontology: general and syntactic viewpoint;

e Description ontology: semantic viewpoint;

¢ Instructional ontology: instructional viewpoint;

e Domain ontology: domain specific viewpoint.
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The various ontologies enable the indexing of fragments from several points of
views. The fragment ontology captures fragment aspects from a general and
syntactical viewpoint. This ontology enables the description of fragments in terms
of this fragment “is a video”, or “the size of this text fragment is” .

The description ontology describes the fragment type and gives a semantic
viewpoint on a fragment. By the use of this ontology either the content of a
fragment is (briefly) described, or the location or structure of a fragment, such as
location “TM-1234-8%9a”.

The instructional (roles) ontology represents the instructional viewpoint and
enables the description of possible instructional roles for a fragment. A fragment,
which is indexed as “video” could become in an instructional context an
“example” or part of an “exercise”. The components by which this ontology gives
an instructional description of fragments are learning goal, knowledge type,
instructional strategy, instructional activity, instructor and learning actions, and
material use. Parts of this ontology are used to add instructional metadata to
fragments (e.g. “knowledge type” and “material use”) and other parts of this
ontology can be used for the development of instructional bags (see for more
information: section 3.1.4). The instructional ontology is designed with a focus on
maintenance training, and contains a specific (maintenance) part and a generic
(instructional) part. This ontology can be re-used in other training domains
requiring a focus on (complex) cognitive skills for system maintenance. However,
the generic part of the instructional ontology, can be re-used in any other training
domain.

The domain ontology gives a conceptual description of a domain, such as the
description of a system or domain. The domain ontology can consist of a generic
and specific part. Within IMAT the generic part of the domain ontology is called
the system ontology. The system ontology describes systems in terms of concepts
applicable to various domains, such as unit and component. The specific part of the
domain ontology deals with specific concepts used in a certain domain, and varies
per domain. The domain ontology is the only ontology that is (for the largest part)
not generic and will have to be redeveloped for a new technical domain
implementation. For the RNLAF it is important to know how much time and effort
it will take to create new domain ontologies and how the ontology development
tool can assist this process.
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3.1.1.2  Document Analysis

The document analysis process distinguishes the following four phases

(Anjewierden, Wielinga & Kabel, 2001):

e Source Material Interpretation:
AIDAS enables the automatic interpretation of Portable Document Format
(PDF) and Extensible Mark-up Language (XML) documents.

e Discovery of the logical document structure:
Through incremental analysis the layout structure (sections, tables, images, etc.)
of a document is analysed to discover the logical structure.

e Indexing and fragmentation of the logical document structure:
Ontologies are used in this stage to index text and image fragments created by
the document analysis process. The ontology descriptions are represented as a
set of concepts in a CML format.

e Storage of the document fragments in a multimedia database:
Finally fragments (and their indexes) are stored in the Jasmine® multi-media
database.

The next figure gives a graphical overview of the AIDAS main window.

Spiral Wiap

Some wireads have minfoiing coxdswound into
the tread which become visib le as the the weas
This is an accptab le condition and not canse for
removal. The wrap reduces chevrom cutting and
tread chunking.

Figure 3.1:  AIDAS tool: Main window

Although it could be argued that the document analysis process does not
necessarily need a user-interface (it is an automatic process), user evaluations in
the IMAT project clearly showed that an interface should be provided enabling
human inspection during the document analysis process. Therefore the AIDAS tool
provides presentation views of:

e HTML output for the conversion of PDF files to HTML,

e Analysed text, and
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e Analysed images.

The images are converted to SVG format to enable image analysis. Through the
use of various colours an AIDAS user can see which parts of the document (text
and images) are analysed in what way. Examples and details on this matter will be
given in section 2.2.3: Working with AIDAS.

Two other tools (or functionalities) are integrated in AIDAS. These tools are the
Fragment Search Tool and the Ontology Development Support Tool. The latter tool
will be further described in section 2.2.2: Ontology Development.

The fragment search tool enables search and inspection of text fragments prior to
storage in the central database. It is not possible to export text fragments retrieved
with this tool to other tools or environments. For this purpose, the Authoring
Environments Interface Tool is designed in IMAT (see next section).

3.1.2 Authoring Environments Interface Tool

The general purpose of the Authoring Environments Interface Tool is to enable the
delivery of fragments stored in the multimedia database to an authoring
environment of choice.

Within the IMAT project it was decided to leave the authoring environment to the
free choice of user organisations. They can then choose the authoring tools they
prefer to use in the development and delivery process of training varying from
Word or PowerPoint, to tools such as Toolbook and Authorware? or a Learning
Content Management System (LCMS). At the start of the IMAT project it was
strongly felt that organisations should use the authoring tools they were using
already in their organisation or that they would prefer to use. “Prescribing”
authoring tools to the IMAT user organisations/partners would limit their
organisational and instructional design choices and would probably not have been
accepted by the user partners in the IMAT project due to the need (and risks) to
migrate to a new and unfamiliar authoring environment.

In the next sections the main features of the authoring environments interface tool
are described (section 3.1.2.1), fragment retrieval (section 3.1.2.2) and fragment
mark-up provided by the indexing support tool (3.1.2.3).

4 Toolbook and Authorware are two examples of common CBT or WBT authoring tools.

5 An LCMS combines LMS functionalities with an authoring environment and a content
management system.
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3.12.1 Main features

The Authoring Environments Interface Tool enables the delivery of fragments to

an external authoring environment in two ways. They are:

e Copy, cut and paste fragments (extracted from the database) in the Windows
clipboard or save them directly to files.

e Through the use of instructional bags: this provides a user with a more
advanced way of creating training material. See also section 2.1.4: Instructional
Scenarios Tool.

The next figure gives an overview of the main window of the Authoring

Environments Interface Tool. Functionality provided by this window includes:

e Connection with the IMAT database,

e Fragment Management: this includes fragment content management, search,
retrieval and display of fragments, and

¢ Instructional Bag Functionalities: this includes a link with the Instructional
Scenarios Wizard in the Instructional Scenarios Tool, and also to import an
existing instructional bag, or create one by hand directly in this window. An
instructional bag can be used as basic structure to query the database for
fragments.

} Authoring Environments Interface
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